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STATIC STABILITY AND CONTROL OF CAWARD CONFIGURATIONS
AT MACH NUMBERS FROM 0.T0 TO 2.22 - LONGITUDINAL
CHARACTERISTICS OF A TRTANGULAR WING AND CANARD

By John W. Boyd and Vietor L. Peterson
SUMMARY

Results of an investigaetion of the static longitudinal stability
and control characteristics of a canard airplsne configuration are pre-~
sented wlthout asnalysis for the Mech mumber range of 0.70 to 2.22. The
configuration consisted of a tridngular wing and triangular canard, both
of aspect ratio 2.0, a low-aspect-ratio vertical teil, and & fineness
ratio 12.5 Sears-Haack body. The hinge line of the canard was in the
extended wing chord plane, 1.21 wing mean aerodynamic chords shead of
the reference center of moments. The ratlo of the area of the exposed
canard panels to the total area of the wing was 6.9 percent Data sre
presented at sngles of attack ranging from -6° to +18° for the canard
set at angles from -5 to +3O with the wing both on and off. Data are
also presented for the same angle-of-attack range with the canasrd off
and the wing on and off.

INTRCDUCTION

The trend of modern aircraft to fly larger portlons of their
miesions at supersonic speeds is meking it inereasingly important to
devise configuretions which are efflcient at these speeds. While the
conventlional teil aft and trailing-edge flap controls are usually satis-
factory at subsonic speeds, their inherently short lever arms coupled
with their large reductions in total 1ift and their high drag et trim
conditions severely restrict maneuversbility at supersonic speeds. The
canard arrangement sappears to offer a means of alleviating some of the
problems associated with teil aft and trelling-edge flap controls at
supersonic speeds. Hligh fineness ratlo bodlies required for supersonic
flight meke possible large tall volumes with canard controls, & factor
which gids in reducing the deflection necessary for trim and the associ-
ated trim drag. Further, in contrast to trailing edge flaps, when a
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canard surface is deflected for trim the net 1lift is not reduced below
that of the wing-body combination. In addition to the aforementioned
advantages of the canard in providing attitude control, the possibility
also exlsts that the canard can be used for controlling the aerodynamic
center movement.

Previocus studies have shown that the canard arrangement has some
deflclencles, particularly at low speeds. As pointed out in reference 1,
these include the Ingbllity of the canard to provide trim at the mexiwmum
1lift requlred for take=-off and the adverse effect of the canard on the
directional stability charscteristles at high 1ift coefficients. However,
considering the possible gains to be rezlized from the canard arrangement
at supersonic speeds, further studies of these arrangements are warranted.
Therefore, an extensive research program aimed at detemining the statilc
longitudinal and directionael characteristics of several canard configura-
tions has been underteken by the NACA. To expedite publication, results
from each of variocus parts of the Ames Laboratory program are being
reported separately without analysis. This report presents the stabllity
and control data for one camplete configuration and its component parts.
The configuration consisted of a triangular wing and triengular canard,
both of aspect ratio 2.0, & Sears-Haack body of fineness ratic 12.5, and
a low-gspect-ratio vertical tail.

NOTATION
[ mean serocdynamic chord of wing, ft
Ca mean serodynemic chord of canard, ft
Ca canard root chord, ft
Cp drag coefficient, gﬁgg
CDo drag coefficient at zero 1lift
Cr, 11ft coefficient, l%gﬁ
CLa lift=-curve slppe, taken through zero angle of attack, per deg
Cm pitching-moment coefflcient, pitchizgapoment, referred to

projection of the 0.21¢ point on the fuselage reference line

t
Che canard hinge-moment coefficient, Canarishézgjz?omen
elce

to projection of 0.35C, point on the fuselage reference line

» referred
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canard normal force

Czq force coefficient normal to canard, oS
(%)m maximm 1ift-drag ratio
free~stream Mach number
a free-stream dynamic pressure, 1b/sq ft
S wing area formed by extending the leading and trailing edges
to the plane of symmetry, sq £t
Se exposed canard area, sg £t
a angle of attack of wing root chord, deg
angle of deflection of the canard with respect to the extended
wing chord plane, positive when tralling edge is down, deg
Configurations are denoted by the following letters used 1in
combination:
B body
Cc canard
v vertical tail
W wing

APPARATUS AND MODEL

Test Facility

The experimental dats were obtained in the Ames 6~ by 6-foot
supersonic wind tunnel which is a closed=-circuilt variable-pressure type
with a Mach number range continuous from 0.70 to 2.22. A recent modifi~
cation involved perforating the test section floor and ceiling and adding
8 boundary-layer removal system to enable uniform flow to be maintained
at transonic and low supersonic speeds. At the same time injector flaps
were installed downstream of the test section to extend the upper Mach
number 1imit by reducing the requlred compression ratlo across the nozzle
and by better matching the welght flow characteristles of the nozzle with
those of the compressor.

Analysis of the results of an extensive survey of the modifiled wind-~
tunnel characteristics, although incomplete, is sufficiently complete to
establish the validity of the results of the present investigation.
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Description of Model and Balances

The sting-mounted model (fig. 1(a)) consisted of an aspect ratic 2.0
triangular wing, an aspect ratio 2.0 ell-movable triangular canard, and
a low-aspect-ratlo vertical tail all mounted on a fineness ratio 12.5
Sears-Haack body. A dimensional sketch of the conflguration is shown
in figure 1(b). The wing and vertical tail had NACA 0003-63 sections
streamwise and the constant thickness canard, detailed in figure 1(c),
had beveled leading and tralling edges. The canard which was pilvoted
about the 0.35 canard mean serodynemic chord was mounted in the extended
wing chord plane 1.21 wing mean serocdynamic chords aheed of the reference
center of moments (0.21€). The ratio of the area of the exposed canard
panels to the total area of the wing was 6.9 percent and the ratio of
the totel areas was 12.9 percent. The wing, canard, and vertical tail
were of solid steel construction to minimize sercelastic effects. The
surfaces were polished to glve a smooth surface and further treated to
prevent corrosion. .

The fuselage was cut off as shown in figure 1(b) to accommodate the
sting and the six~component” strain-gage balance which measured forces
and moments on the entlre configuration. Canard normel forces and hinge
moments were obtalned from a two-~component strain-~gage balance mounted
in the nose of the fuselage. The canard, wing, &nd vertical tall were
removable, enabling date to be taken which would permit an evaluastion
of the contributions of each of the component parts of the model and the
interference between parts.

'TEST AND PROCEDURES

Range of Test Varlables

Mech numbers of 0.70, 0.90, 0.95, 1.00, 1.05, 1.10, l 30, 1. 50,
1.70, 1.90, and 2.22 and angles of attack ranging from -6° to +18° were
covered in the Investigation. Data were obtalned with the cansrd set at
angles from =~5° to +30° with the wing on and with the wing off. The
exact canard deflection angles are noted in tables I and II. Data were
also cobtained with the canard off for the wing on and off. The test
Reynolds nunber based on the wing mesn serodynamic chord was 1.84% million
at Mach numbers of 0.95, 1.00, 1.05, and 1.10 and 3.68 million at all
other Mach numbers. The smaller Reynolds number at transonic speeds was
necessaxry because of model structural limitations.

For the relatively low Reynolds numbers at which most wind tunnels
operate, extensive regions of laminsr flow exlist on models at zero 1ift.
At 1ifting conditions the transition points on the wing, canard, and
vertical tall usually move forward, thus causing a change in the friction

.,
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drag with changing 1ift coefficient which is difficult to evaluate and
moreover not necesssrily representative of full scale. In order to
induce transition at fixed locations on the component parts, a 0.010-inch-
diameter wire was placed on the wing and 0.005~inch-dlameter wires were
affixed to the canard and vertical tall in the locations shown in fig-
ure 1(b). When the model was tested with the canard off a 0.010-inch-
dismeter wire was located on the body %4 inches from the nose. The wire
sizes were selected on the basis of the results of reference 2. Although
there 1s no conclusive evidence as to the magnitude of the form drag
increment contrlibuted by the transition wires, previous studies have
indicated this increment to be not more than 0.0010. All of the data
presented herein are with transitlion fixed.

Reduction of Data

The data presented herein have been reduced to stendard NACA coeffi-
cient form. The pitching-moment coefficients were referred to the 0.21
point of the wing mean aerodynamic chord. This location was chosen to
give a minimim static margin of 0.03€ in the range of trim 1ift coeffl-
cients between 0 and 0.6 throughout the Mach number range investigated.
The canard hinge moments were compubted about a hinge line located at the
0.35 point of the canard mean serodynamic chord. Factors which affect
the accuracy of the results are discussed in the following paragrsphs.

Stream varistions.- Surveys of the stream characteristics of the Ames
6- by 6-foot supersonic wind tunnel showed that in the region of the test
section, essentislly no stream curvature existed in the pitch plane of
the model and that the axial static-pressure varlations were usually less
than *1 percent of the dynamic pressure. This static~pressure variation
resulted in negligible longltudinal-bucyancy corrections to the drag of
this model; therefore, no correctlons for stream curvature or static-
pressure variation were made in the present investlgation.

From a test of the model In the normal and inverted attitudes, a
stream angle, which was less than 0.3° throughout the Msch number range,
was found to exist in the piitch plane. The date presented herein have
been corrected for these stream angles which correlated closely with
those obtained from a cone survey.

Support interference.- The effects of model support Iinterference on
the aerodynamic charscteristics were consldered to conslist primsrily of
a change in the pressure at the base of the model. However, the drag
data presented herein conbtain no base drag component since the base pres-
sure was measured and the drag was adjusted to correspond to a base pres-
sure equal to the free-stream static pressure; therefore, no corrections
were made to account for support interference.

S
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Tunnel-wall interference.- The effectiveness of the perforations
in the wind-tunnel test sectlon in preventing choking and absorblng
reflected disturbances at transoric and low supersonic speeds has been v
established experimentally. Unpublished data from the wind-tunnel call-
bration indicate that reliable date can be cobtained throughout the Mach
nunber range 1f certain restrictions are imposed on the model size and
attitude. The configurations and methods of testing used in the present
investlgation conform to these restrictions so that the data at transonic
and low supersonic speeds are reasonably free of interference effects.
Thus, no corrections for wall lnterference have been made.

RESULTS

The results are presented in this report without analysis in order
to expedite publication. Figures 2 through 4 present representative
datae for only the configuration with the wing on, whereas all of the
data taken with the wing on and off are tabulated in teble I and table II,
respectively. Lift, drag, and pitching-moment charascteristics with the
canard on and deflected and with the canard off are presented for several
test Mach numbers in figure 2. Figure 3 shows the varlations of canard
normal forces and hinge moments as a function of angle of attack at
constant canard deflection angles. Presented in figure 4 are the lift-
curve slopes, maximum lift-drag ratios, minimum drag coefficlents, and
the aerodynamic centers as a function of Mach number for the canard on -
at zero deflection and for the canard off. .

Ames Aeronautlcal Laboratory .
National Advisory Committee for Aeronautics
Moffett Field, Calif., Oct. 15, 1957

REFERENCES

1. Driver, Cornelius: Longitudinal and Lateral Stability and Contxrol
Charaecteristics of Two Canaxrd Alirplane Conflgurations at Mach
Numbers of 1.41 snd 2.01. WNACA RM I56L19, 1957.

2. Winter, K. G., Scott-Wiison, J. B., and Davies, F. V.: Methods of
Determining and of Fixing Boundary Layer Transition on Wind Tunnel
Models at Supersonic Speeds. R.A.E. TN Aero. 2341, British,

Sept. 195k.

L ]



TABLE I.- AERODYNAMIC CHARACTERISTICS WITH THE WING ON
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TABLE I,- AERODYNAMIC CHARACTERISTICS WITH THE WING ON - Continued
(p) BWC, 8 = -5.7°

a, LY
N e A ¢ - Cr. Che N 68 G, G Gy Gz
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1,8 062 o7 | -0233 | ~.0055 | L0105 2.0 .083 o172 | -.0307 | =-.0061
5.8 263 .03 -.&;sg .0078 | ~.0239 5.0 2T -0 0067
9.'5 o1 - -.0&3 m —g; ﬁo lg .% -.m:gt .uzzs
13, S 21720 | = o - 0 . -.12 037
17.8 o2 | - L0650 | =163k 18.1 .833 7l | -.1515 L0529
0.50 ] ~5.0 | =0.337 | 0.0h85 | Q.0221 | -0.0hkd | 0.1432 |ji.70 | ~6.2 | -0.237 | o.0k20 | 0,0209 |-p.0313
20| -. 0160 | 0005 | -.0240 | .0780 -2.2 | =-.082 0L | =005 | -
0.0 | -.023 mzh | -.001%6 | -0l oL73 0.2 | =-.008 0156 | -, -,0119
2.1 015 | ;20 f -.0a77 | -.0053 | o178 1.9 066 -0250 | -.
6.0 299 | .0362 | ~.0h97 K ~,0308 %] .28 030 | -, 0059
0.0 Sk 1 .097T | -.084L 0265 | ~.0860 9.9 365 0725 | -, 0700 0108
. 86 | L2009 | -.1336 -0h59 | =147 13.8 508 -,0866 0308
8.0 | 1 3317 | ~.185, 0552 | ~.an 17.9 6 216 | -.10% R
10| 5.8 | -0.3% | 0.0555 1 0.0485 | ~0.0h22 | 0.2472 |}2.22| —=.6 | -0,109 | 0.0339 | o007 |-0.c205
1.8 | =25 | o= | . ~0233 | .0B10 =19 | =08 | .63 | -.0059 | -.m558
2| -5 | .80 | -.0116 | -.00kh | .0508 0.3 004 | L0138 | -.0150 | -.
2.3 10k | L0200 | -,0228 | -,0059 | .0235 2.3 086 | .ass | -, =.00L8
6.2 G2 |o.0506 | -.0827 ,0083 | -.0261 6.3 189 | .03} | -.Q399 00h9
10.1 568 | .108 | -.22m 0252 | ~,0855 10.3 07| .06k6 | -.0826 s
U2 792 | 2069 | -a156h .0b33 | -,1498 1h.3 J22 ) 08 -, 02
8.2 | 1.001 3323 | -8 0627 | -, 2269 18.3 535 825 | -.0738 0326
110} -2.0 | 0,313 | 0.0238 | 0,0140 | -0.,0230 | 0.0837
=00 | -.004 | .90 | 0092 | -, Nl
2.0 a00 | - =,005h 0223
6.0 .38 | .ohsh | -.0775 L0081 | -.0%08
10.0 S| oLaeko | -1 0248 | -.001h
1 o | L1913 | - .0h25 | ~-.1533
18.1 915 ) o102 | -.1753 0578 | -, 2080 I

GTLLCY W VOVN




TABLE I.- ARRODYNAMIC CHARACTERISTICS WITH THE WING ON - Continued
(c) BWC, & = 0°

O, @,
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2.9 -565 21041 - ' "-11}115 12.0 -569 »1303 'JW -dﬂﬂ "'1670 10.0 aﬂﬁ -WIS L .0282 ~.1068
12,0 A5 | a1 | -.085k 0539 | ~1729 1.1 L6 | L2729 | =070 <087 | ~.1933 12,1 0976 | -~ 033 | -.1253
13.9 JA12 | Gon2 -.% 0638 | -, 202 14.0 E eng § -,1202 0 =07 b1 478 | J1285 | -.0604 L0383 | ~.2436
16,1 .97 | .2782 | - gpg ~.2309 Wil . 280) | -.1308 -.2,18 16,1 .53 | J1639 | -075 | . - 1602
18.1 | 1.060 | .3h82 | -.1300 - Bo| 3| . -omak | .oi0 | -.2787
1.00] =5.9 1-0.359 Jo.o527 | o0.0696 | ~0.0262 | 0.0885 || 1.50] 6.1 |-0.268 fo.one |o.08) |-0.0m1 | o.0812) 1 2,221 -5.7 | -0,182 | 0.0%09 | 0.0238 | ~0.c28p 0.0603
-3,8 § ~2m | .omh | .olse | -] 41 | -a7h | L0262 | LomB | -0l | L0851 -3B8] ~na7] . 0058 | ~.0105 | .0396
-1.8 | -. 020 | .00 | -0019 ] =21 { ~. o6 | . ~ . =17 ] ~080 | . L0071 | =007 | L0078
0.3 -.3)%13. L2170 | . =007 | 0035 =06 | ~023 | .0151 | .ock9 | ~.0006 | .0OS2 =0.2 | ~.005{ .ca28 { .o009 | =-.0000] ,o003L
2 ] -006 | 0166 | . -.0001 | -, =0.2 | -.006 | .0lh5 | .0017 | ~-.0003 | ~.0000 7 026 | 0329 | .00l 0009 | -,
.1 020 | 0168 om2 | - oh | .013 | L0LS |~ .0007 | -.0030 2,3 Q75 | Jons2 | -.0013 oohe | -,
2.2 .099 | .0M88 |- 0066 -.ﬁ 201 .018 ] 0166 = 0056 | ~.0271 h.3 Q37 | .ome | -.0088 000 | -,0372
2.3 .22 | .0303 | -.0388 | Lmso | -, 3.9 | .60 | .0239 | -0292 | 0122 | ~.086 6.2 | .96 1 .0328 | -.025 | o152 | -.0565
.2 b2 | w000 } -.0615 Lo | ~.0858 6.0 .250 | .0382 | ~,0h3} L0097 | =07 8.3 25; L0481 | -.032) L0202 | .07
8,2 ok 1 o793 | -~0320 | . 0335 ~218) 2.2 | g ﬁgg -069h | 0377 | -] 0.9 .31 0685 | - 02y | -.007
10.2 -m nuﬂ "-QMT 31 '51532 12'0 '5& - -0810 'ﬁgg "'Jm 12.2 -372 -m - -0293 "qu3
12,2 68 J1616 | ~.1193 0925 | ~.150k .1 590 1587 | -.092h ~.1778 1h,2 Ji29 | L1186 | -,0505 0136 | =127
U2 508 | .@ms0 | -.12% 0623 -.ggg 16,1 £69 | .poo7 | -.1030 0527 | ~.1995 16,3 8e | s8] -,0566 L0376 | -.1368
16.3 57| .16 | ~ah3 ere T IR 18.0 S | 270 | -7 0582 | ~.286 18.3 . «1860 | -.0607 003 | -1529
18,3 | 1.007 3438 | 1513 -0000 | ~.20684

GTLLEY W VOWN
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TABLE T.- AFRODYNAMIC CHARACTERISTICS WITH THE WING ON - Continued
(4) BWWC, & = 2.5°

@y
K deg ¢ Cp Cm
0.70 | -6.2 [-0.32k | o.0h21 | o0.0k20
-2.3 | ~13 | .ouko | .o223
0.2 -.027 L011h L0164
1.9 .063 | .0129 | .0122
S.7 .268 .0354 | -.0032
9.8 sk 0926 | -.0163
13.8 <729 .1823 } -.0272
17.8 959 L3077 | -.0327
0.90] -6.0 |-0.345 | o.0Lko | 0.0569
~1.9 | =209 | .0 .0254
1] -0} .0m6] .0165
2.1 .085 0L .
6.0 .308 020 | -,0187
10.1 «560 22085 | ~,0521
1h.1 .818 210 | ~.0920
18.1 | 1.108 355 | -.127h
= 4 7°
(e) BWC, & = 4.7
- &
M dg; Cr Cp Ca Cz, Che M deg oL Sp Cn Cz, Che
0.0 | -6.0 | -0.333 | 0.0k26 | 0.0616 | ~0.0128 | 0.0386 | | 1.30¢ ~6.1 |-0.291 | Q.0Lk29 |o.0707 | -0.0M11 | 0.0LS7
-2.0 | -.1 .01l . 003 | -.0132 2.0 } -.095 0183 .0331 .0026 | -.0102
0.0 { -.012| .o120 | .o0199 L0115 | -.037h 0.0 | -.006 L0172 0203 | -.ol20
2.0 082 L0145 0096 .0 =, 0669 2.0 081 .0188 .0003 ,0083 | =-.0712
6.0 0l33 | -.0128 L0399 | -.1260 6.0 277 0439 |-.0333 L0337 | -.1272
10.0 .552 1087 | -.oh2) .0593 | -.1857 0.0 472 0982 | - L0485 | -.1822
1.0 .2152 | -.0848 0776 | -.24! 1.1 . 1780 | -.0%02 . ~-.2212
18.1 | 1.0k8 [ .3529 | -.1262 o8so | -. 16,1 -75h 2250 | -.1 0693 | ~.2865
18.0 o .2827 | -.1180 o747 | ~.2760
1.00 | -5.9 | -0.352 | 0.0506 | 0.0885 | -0.0113 | 0.0369 | [1.70) -6.3 | -0.24k | 0.0387 | 0.0%5L | -0.0096 | 0.0400
-1.9 { -.110| .0151 ) .0386 .0035 | ~-.0162 2.2 | - 0273 | L0286 0027 | -
01 | -. L0185 | .019 0116 | -.olhhy 0.2 | -.012 | .0151 .0170 0091 | ~.0324
2.2 106 | .o214 | -.0059 .0208 | -.073% 1.8 062 | .0172 | .0051 . -
6.1 ih3 L0546 1 -.0h5) 0389 ] -2 5.8 .A8 .0371 -} ~.0178 0285 | -
10.2 577 21206 | =-.0807 L0573 | - 9.8 .368 § .0783 | -.0388 0399 -.
Uy 2 793 .90 | -.1099 .07L8 | ~.2699 13.8 .512 o0 | -.0577 .050h § ~.1893
6.3 soh | .28 | -.1228 .08k0 ] -.3032 15,9 582 | .178% | -.0675 05521 -,
18.3 1.001 375 | ~.1336 0915 | ~-.3310 17.9 650 . -.077h -, 2225
1,20 | -6.0 | -0.337 | o.0L%6 } 0.0927 | -0.0220] c.0381 | | 2.22] -5.8 |-0.180 | 0.0298 | 0,0373 | -0.0064 | 0.0272
2.1 =20} .0 .ol3s 0031 | -.0172 <.7 | =050} -« L0193 L0036 | -.0115
0.1 | -. 0189 | .023¢ .onz | -. .3 o9 ] o3} . .0086 | =-.0301
2.1 o9 | .o213 0017 0205 | -.077h 2.3 071 0159 [ .0022 L0138 | -.0483
6.0 319 | .0509 | ~.0379 .0386 | -.14 6.2 AL | .0 -.0125 0234 | -.08
9.9 552 g2k -, L0840 | -.1957 10.2 .32 98 | =-.0259 0328 | -.1166
1.1 751 ) J20l6 | -.0938 .0710 | -.2555 Uy 26 | .1225 | -.0383 .ohog | =-.1480
16.1 829 .2570 | =.108L L0777 | -.2770 16.3 .h80 .1528 | ~,0i39 . -.1627
18.1 929 322 | -.2266 0847 | -.307h 18.3 533 .1889 | -.0Lk76 Ob86 | ~.179h
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TABLE I.~ AERODYNAMIC CHARACTERISTICS WITH THE WING ON - Continued
(£) BWWC, & = 9.7°

(-3 &,
M dag >4 Cp Cm Cr. Che K deg Cr, Cn Cw Cz.o Che
0.70] -6.3 ] -0.:26} 0.0l17 | 0.0626 } 0.0018 } -0.0088 |] 1.30] -6.0 ] -0.288 | 0.0k30 } 0.0886 | 0.0023 } -0.0093
“h.2 | -1% .0236 .0508 009 | -.0307 =40 | -.187 0279 .0695 | .0085 | -.0369
2.2 -.098 .0160 0h23 L0179 [ =-.0523 -2.0 -.092 .0 . .0168 -.063k
-0.8 | -.037 <0 03595 .0238 | -.0676 0.5 | -.028 L0191 .0386 .0225 | ~-.08
=0.3 -.016 . .0382 0265 -.0736 0.0 - .0193 .0352 . -.
.2 .007 .0153 .0363 02891 -, 5 .013 0197 L0311 0263 | -.1001
1.8 070 .0175 .0 0355 | -.0963 2.0 077 0227 0171 .0319 | -.1208
3.7 160 ) .02 0240 . -.1193 k.0 170 033 1 -.0035 | .039%% | ~-.1h80
5.7 .273 . 0199 .055L { -.1433 6.0 215 - -.0185 | .ou63 | =~.1732
7.8 .387 071k L0171 . -.1592 8.0 <377 .0753 } -.0331 0539 | -.2028
9.8 159 1046 .0095 O7THo -.1782 10.0 473 .1057 | -.o0k82 . -.
11.7 .610 455 «00h7 .0839 - 12.0 . LUa7 | -.0623 066 § -
15.8 .82 .2538 | -.0100 0979 | -.2239 .0 .652 | .1835 | -.0770 .0723 | -.2625
17.8 961 Az | -.0279 0956 | -.2092 16.1 748 .23 -. .0783 | -.2871
18.1 . <2917 1 ~.20kl | .0836 | -.
0.90| -h.0 | -0.20i | 0.023% | 0.0597 | 0.00109 | -0.0380 {] 2.70 § 6.3 | -0.238 | 0.0387 | 0.0724 | 0.0024 | -0.0063
2.1 | -.10h 0165 .OhTL 0186 =-.0610 ~h.2 -. .0256 .0588 . -.
-0.5 § -.032 0152 ok 0259 -.0852 -2.2 =-.078 L0193 .0h52 .01h9 -.0521
0.0 -.008 .0152 .0395 .0290 -.C978 -0.8 -.031 O .0368 .0195 -.0692
.5 .01h .015¢9 .0365 | .0305 | ~-.1008 -0.2 | -.009 .0278 .033% | .0212 | -.0752
2.1 .08 .0189 .0283 .0382 - 1247 .3 . 0183 .00 | .0227 | -.
Lh.0 .188 .0 .0130 oy7s | -.2 1.8 .06L 0207 0200 .0273 -.098k
6.0 .1 L0502 | .0033 . ~.18L6 3.8 .136 | 0278 .0059 | 033k } -.1208
7.9 27 0793 | -.0062 L0653 | ~-.2054 5.8 .220 . -.0051 .0386 | -.1l30
10.0 .5 21186 | -.0253 0Ths =-.2361 7.8 294 - =025 .0bkko -.1622
12.1 R 1665 | -.0la8 .0833 - 2.8 371 N -.0266 093 =182
1L.2 .810 .2227 |} -.0813 0796 ~.2058 1.9 . 1139 | -.0371 .05h2 -
16.0 . .283L | -.10684 .0811 -.2248 13.8 .513 L1570 | -.0481 .05%0 | -.2187
18.1 1.0hk .3582 | -.1391 .0782 -.2258 15.8 .581 .185%L | -.0571 .0633 -.23L6
17.7 . .2250 | -.0657 067 | -.252k
1,00f -5.9 | -0.3Lk9 | 0.0518 | 0.1045 | 0.n028 | -0.0127 || 2.22 | -5.8 |-0.173 | 0.0303 | 0.0523 | 0.00k2 | -0.011)
-3.8] -.219| .n325 | .0783 0098 } ~.034L =3.7 | ~a113 ) . ouh2 | . -.026k
~1.8 | =.101 «0232 .0530 .N182 -.0609 -1.8 -.049 .0168 038 .0137 -.0h57
0. =027 0212 .0397 0208 -.0838 -0.2 - .0158 0277 0176 -
.2 =+001 «0216 .0350 027l - 0929 3 007 0164 0258 .0138 ~.0643
.7 026 0215 | ,028 | .02k | ~-.1000 7 025 L0166 0232 L0199 | -.0683
2,2 105 0260 .0115 «0359 -1226 h.2 Jd32 .026% .0052 .0280 -
k.1 £ 209 «0353 § -.0119 053 | -.2553 6.2 158 .0389 | -.0017 032k | -.1120
6,1 330 | L0582 | - 0545 | -.1500 8.2 255 0548 | -.0088 0367 | -.1286
8.2 51 | L0898 | -.0l22 L0638 | - 10.2 A3 .O7L8 | - 0408 | -.1435
10,2 562 1 126y | ~.0555 | 0113 | -.2513 12,2 372 .0993 | -.022} LObLs ) -.1592
12.2 680 #1736 | =.0777 0796 ~o 2803, 1.2 NIt 12hg | ~.0280 -oli82 ~.1728
1.2 785 ] .2261 | -.092h | 0867 | ~-. 16.3 7T L1578 | -.0343 0520 | -.18n
26,2 . <2853 | -.2 0932 | -,3275 18.3 532 A9h7 | -0 0562 | -.

18,2 .981 3093 | =1235 .0gh8 ~.3033
1,10} =6,1 | =0.343 } 0.951L | 0.1087 | 0.0022 | -0.0131

-2,1| ~121} .0238 0623 0179 | =
0,6 | =.039 | .0221 . <0 -.0897
0.1 § =-.002 | .0227 .0390 N272 | -

. 011 0226 0379 «N28L | ~.0967
2.0 . 0255 | .023h | .0 -.1217
Lo .188 #0355 § =-,0009 | .OL29 | -,

«C . 305 - g -.0197 . T e 155’4
8.0 415 | L0832 | -.0353 0589 | =.2055

10.0 «548 . ~.nN642 0679 ~
12,0 659 | 1656 } -.0763 .07 -.2693
1.1 755 | 2138 |[-.084k | . -

«0 .831 . -.0887 . -

18.0 . .3222 | -.1050 0927 =.3273
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TARIE T.~ AERODYNAMIC CHARACTERISTICS WITH THE WING ON - Continued
(g) BWWC, & = 19.5°

Ty a,
L deg ¢y, Cp Cn Gz, Cne u deg G, Cp Cn Gz, Che
1.00] -5.8 | -0.343 | 0.0600 |0.1113 } 0.0302 | -o.221k| | z.70| 6.3 | -0.232 | o0.0b58 | 0.1020 | 0,009 | -0.0388
1.9 | -.a01 | .0351 § .089% [ .ok68 | -.1822 2,2 | -080] .0283 ) ,0719 | 0337 | -.@
.2 .003 | .035h | .0678 | .0550 | =-.2106 0.2 | - L0283 | .05%6% f .0393 | -.1482
2.3 1ok | .oho8 .0h3h | L0636 | -.2h22 1.8 . L0315 O3 | Lolks | =701
6.2 325 L0732 | -.0069 .0786 | -.2958 5.8 .217 20! 0136 0545 | ~.2109
10.2 .566 456 | -.0387 0909 | ~.3332 9.8 o3 0982 | =0127 | 0636 | -.2470
1h.3 183 | . -.0888 | .0936 | -.3039 13.9 522 | 1629 | ~.0375 | .0728 | -.2855
18.5 .997 .3762 J-2295 | . -.3211 17.8 . +2h39 | -,0578 0810 | =.317T
220) -6.2 | -0.332 } 0.0600 ] 0.137h | 0.0293 ! -0.1269] | 2.22| -5.8 ] -0.161 | 0.0357 | 0.0765 | 0.0225 | -0.0728
-2.0 § =111 ¢ 0386 | 0930 | .obk8 | -.1768 -1,8 { ~-. <0 K 0297 | -
-6.0 | =~.008 0 L0697 0523 | -.2022 3 .016 0254 | .ohsh | 0340 | -.1228
2.0 .08L oho8 .0L65 0595 -.2263 2,3 069 .0288 +0335 .0383 =-.1393
6.0 .293 0701 0000 .0735 -.27 6.3 197 - 01l b2 ~.16
10.1 .539 L1386 | -.0a2 . -.3111 10,5 . 0896 | =.0035 | . -, 2039
1.2 . .2367 | -.0883 0915 =177 1.2 22 .1397 | -.0160 . ~
18.0 .51 .3385 | -.1051 . -.331h 18.h «532 2120 | -,0255 0717 -, 2880
1.30 | ~6.0 | -0.286 | 0.0525 {o0.1229 }o0.0269 |-0.1098
-1.9 | -.087 | .0321 ! .0800 | .oko7 { -.1632
0.1 | ~-.012 | .0313 § .0631 | .ohyo | -.186
2.1 .073 0360 0423 05 | -.233
6.0 .263 | 0625 | .0017 | .0662 | -.2582
10.1 469 | L1218 | -.031k | L0772 | -.29%k
1.2 651 .2015 | -.0658 0866 -,3326
60
(n) BWC, & = 29.
e, Uy
M deg -7 ©p Cn Cz. Che M deg Cr, Cp Cm C2e Ch,

2.00| -5.9 [ -0.322 | o017l {0.2729 | 0.0566 |~0.2h92|{1.70 | -6.3 {-0.225 | 0.0581 | 0.1208 | 0.0k0O { -0.167L

=18 =.088 +0553 L1260 0704 | ~.3000 -2.2 =.070 .0h39 0899 0496 -2

.2 .012 +0561 .0860 .0755 =-,3200 0.1 002 .0LL3 L0712 .0 -.2296

2,2 . 0637 | 0622 | . =-.3351 .9 067 | .ou0 | .0537 | .0883 | ~-.2u%0

6.2 317 | . oohl | .0847 | =311 5.8 .28 012 | .0226 | .066 -.2882

10,2 . 262 | ~.0437 | 091k | -. 9.9 370 1 1078 | -.008k | 072 | -3

1.3 785 | . =0935 | 0927 | -.3L76 13.9 . .1825 | -.0300 | .0827 | -.386%

18.2 ITT .3832 | ~-.136L 0529 =3 17.9 L2663 | -. 0895 -
1.30{ -6.0 | ~0.315 | 0.0779 | 0.1721 | 0.05k2 |-0.2h00 | |2.22 | -5.8 |-0.118 § 0.0470 | 0.0902 | 0.0356 | -0.1358

=2.1 =102 0515 1218 .06 -, 2825 -1.8 -.031 .0382 0700 .0h33 -.1725

0,1 | =012 | .0575 | .0982 } .0707 | ~.297 .3 .025 | .0395 § .os82 | .ok7S | ~.1930

2.1 085 | . 0680 0762 | =.3159 2.3 oLl .oLs1 -.20

.0 . 0510 { .0093 | .0813 | «.30 6.2 198 1 .0687 o247 5 | =-.2430

10,0 «536 | 1560 | -.0429 } 0852 ] -.3211 10.2 308 L1003 0097 0673 | -

1.0 768 . =.1025 0871 =.3251 14,2 ny 21601 | ~.0026 o773 -

18.1 N «3662 | =171 0820 . 18.2 s21 .229 | -.013% -,3783
1,30 -6.0 | -0.259 | 0.0670 [O0.1496 | 0,0L87 }-0.2220

~2,0 | =-.082 ohot L2031 | 0801 | -,2654

o1 000 | L0815 | 065k | -.28

2.1 070 «0554 0604 0699 =-.3015

6.0 «267 o 1L 0779 =-.3321

10,0 J67 22381 | -.0305 0833 | -

13.9 . .2173 }-0m3h | . -.3556




TABLE I.- AFRODYNAMIC CHARACTERISTICS WITH THE WING ON - Concluded

(1) BW
&y

Gy Wl gl o 9 | G || W sa|w | 2| Ml s | @
0,0318 | 0.0591|1 1.00] -5.9 | 0,338 | 0.0L83 | 0.0960 |} 1.30 | =6.1 [=0.2856 | 0.0boo | 0.080] | 1.50] =~6.0 {-0.207
o206 | 0389 .8 ) «m2] .0z3] . b0 | -85 | .e236] Losa 4.0} -23
L0027 0155 «1.8 | -.08h | .0 0266 -2.0 | ~,085 | 0050} .0250 -1.9 | ~.068
0095 | 0008 0.3 -0a| 0075 0.5 | ~.02h | oan] 0073 ~0.5 § ~.019
ﬁ ﬂg .2 .00 | 0172 | - -0,1 w000 | L0030 L0009 W f o-a002
. . 7 01 | Loy | - .5 L08 | .03} -.o0ke -5 -015
L0100 | -, 2.1 2110 LT | . 2.0 089 Wi L N 2.0
0165 | =, 1 <223 L0346 | -, 3.9 183 0229 | ~.0517 L0
0305 | -,035 4.2 . e | =097 6.0 .282 | .0369 | -.0810 6.0

= 8.2 0799 | - 8.0 379 | 0612 ~.1086 8.0

-.0832 10,2 s8l | L1150 | ~.1623 10.0 I7 0906 | -,136 W0,
2229 | -100h 12,1 1589 -.gg 12.0 2253 | -a417 12,0
Jd700 | ~.1239 .2 L9 | .207 | -, 13.9 653 | 14859 ~.1873 .0
2209 | -, 16,2 . 2707 | ~.2530 16.0 738 | .451] ~.m3 26.0
m ‘-19’7 15.2 cm -335- -.ﬂ” 18-0 » lm s 1&.0
L0399 | 0.0739] ] 1.09] -4.0 | -0.320 | 0.0h70 | 0.0936 || 1.50] 6.2 [-0.250 | o.037h | o.0759) ) 2.22] -5.8 | ~0.17
001 J0sh «3.5 | ~209 | 0200 | .0598 .2 §-aph | 020 . -3.8
L0191 L0220 «1. -.099 | .0168 | .o26h 2.1 1 - oi J00h8 | L0239 =1.1
0096 | 0008 =0.. 07 | s8] . 0.6 | - i -0,2
009 | L0065 WA | =003 | L0056 ools 0.2 | -.005 | .u23| .co20 3
LL65 | 006 M- 02 . =-.0028 g 05 | 0123 | -.0037 o
.01pd | -,0118 2.0 W08 | L0190 § -.0260 1.8 .078 | .03} -.0217 2.2
L0202 | -,0352 h. <227 o =, 0626 3.8 163 0213 | .07 L.2
L0371 | -,0418 6.1 350 ohol, | -.0997 5.9 L8 | .o%s | -.om 6,2
L0657 | =002 B.) A85 | L076h | a2m 7.9 3% | 0507 | - 8.3
J0o8 | - 122 10.1 6%’; 1106 | ~.1557 2.9 Jns 09 1 -1un 10,2

-.%601 12.2 . 1 gkzls; e Eg % ﬁ& -.%11 ::hz'g

-.1939 . . - . . - .
2699 | -2 1 -yTO -2599 | -.2488 15.9 Al | a8y —.m[g 16.2
3039 | - 17.9 9 2333 | -.2007 13.2
o.0hly | 0,093} 1.10) -6.0 ]-0.322 | 0.0h5% § o.0966 ||2.70 | 6.2 |-0.236 {0.0357 | c.087L
02hS | .0800 -0 | -.203 | .o2r7 | .08le 4.9 | -.162 | o220 .ol
0133 mﬂ ~2,0 | =088 | .0277 | .025 22 | -0m8 | oy .02%
013 | . 0,5 | ~.m8 | .0153 { ,0088 0.8 | ~027 | .25 | .oo0f1
0098 | o000 -0.0 007 | L0156 | o022 ~0,2 | ~007 | .0023] .o028
-0105 | -.0005 .5 .028 | .57 | -.0091 3 JA12 | 0125 | -.002,

=.0220 2.0 . L0179 | -.0252 1.6 068 | 0041 | -.0180

= g.o .06 | 0282 | -.0585 3.8 Sl | 0205 | -.0395
-0h55 | -,0882 .0 a2 | a3 | - c.8 gﬁ %z -, 060k
0752 --1251 8.0 - .0725 - 7-5 . . e
+1139 "1%5 10,0 .555 -1052 '.1525 9!5 lﬁ 0711 -

91 | -.1805 1.9 -6” 1427 =174 1.8 . 097 ) -

263 | ~.22L8 0 7 1985 | -. 29 13.7 Jige |oaz -,
2190 | -.2578 .0 .gﬁ =205 15,8 567 | 266 | -,
<79 | -.2087 16.0 993 . - 17.8 632 | P05k | -.1685

CTLLGY W VOVN

D

ET



TABLE II.- AERODYNAMIC CHARACTBRISTICS WITH THE WING OFF
(a) BV
@, &y
Cp Bloagl & )] Cn M dﬁ; L, Cp Cn H dng L Cp Cn
~0.01271 | 1.00| 5.8 |-0.008 | 0.0095 | 0,003 | f1.30 | 5.0 | -0.020 | 0,0099 | <0.0025| ] 1.90| =5.0 | -0.036 | o.0103] -0.0106
-3.8 | =007 | .c089 | ~.0089 4.0 | -.005 | 0088 | -.0090 -3,8 | ~.011| 0089 =-.0062
<1.8 [ =007 | 0086 | ~-.00hL 1.9 [ - 008k | - 1,8 | ~.006| 00811 =-.002h
«0.3 | -.003 | .0073 -.% -0.5 000 | L0082 | -.0007 0,51 -.003| .0079| -.0000
0008 -2 ~.00L 0075 - 0.0 001 0082 - .2 -.003 0079 L0026
0002 B ] -om | .oose 0012 5 00l | L0081 - 61 -00h | L0omy 0026
0039 22| -.000} .oo70 0033 2,0 00k | L0073 «0037 2,0 | -.000] .om6 .
.0082 L.3 .003 | .007 0095 b1 007 | L0081 0082 4.1 . L0079 0102
L0122 6.2 . .007, 6.0 008 1,008, 0120 6.0 . 0083 0139
Q158 8.2 .00 | .0089 176 8.0 003 | L0093 +0157 8.1 . 009 0178
0192 10.2 005 | L0087 3 10,1 O19 | 0107 . 10.1 . .0 0216
0231 2.3 02, | .oos2 0255 2.0 027 | 0030 .0239 1z.1 0351 . 0257
L0269 1,2 023 | L0020 .a258 b1 035 | .mé2 L0285 1.1 . ,0192 0298
L0310 16.3 036 ] .5 L035Y 16.1 OL7 | o 0333 16.2 . 0268 L0354
0343 18.3 Oh7 | e K 16.1 059 | 027 . 16.2 087 | 0153 .
o6y | -0.0129] [ 1.05| ~5.0 | =0.002 § 0.0k ] -0.m20]}1,50] -6.2 |-0.002 | 0.0099 | -0.0024 | f2.22] 5.7 | 0.016 | 0,0092 | -0,c000
0062 1.9 | - o9 | -.0082 ~h1 | -.006 | .0083 | -.c089 =3.6 | -. 008 -,
0060 -:..‘9l -, 006 -.0038 ~2.0 | =002 f .0080 | =-.00h9 1.7 1 - 0073 | -.002L
0057 =0.. " .uiog L0002 a6 | - L0080 | =.0017 0.2 | -.002} o070 000k
0051 | ~.0003 A ] ~008 | o9 +OD0R =0.1 000 | .0079 | -.000S .3 | ~003] .00 0018
008} . ~000 | .ons o011, . ool | .oort . 4| -.001] .0070 001
0053 D039 2,0} ~.002 | .me 0050 1.8 .003 | .oo7y 003l 2.2 001 | .o089 .0057
005 0036 2 002 1 L0098 k.o .005 | .0078 0084 b3 005 {0089 il
0058 L0120 .1 . 0106 . 5.9 .00 | .008L L0121 6.3 .01 | .o0080 010
0085 0160 8.1 009 | .00 L0172 7.9 0l L0050 0159 8.3 017 | L0053 0176
0078 019y 10,2 . .@o8 027 9.9 020 1 .00 L0198 0.3 o T L0814
0091 0235 12,1 02 | .als . 1.9 028 | .0126 0238 12.3 .ol | .oasy 0247
0117 0276 .1 0224 . . 13.5 038 | .63 0283 1.3 058 | o213 ug;
LOuUp .03 16,2 % L0150 D3l0 16.0 .05 | .0210 .0338 154 075 | .028%9 .0
08 | Louré L0373 18,2 . 0226 D358 18.0 065 | L0276 039 18.L . 0372 L0355
=5.9 |-0.008 Jo0.007h |-0.0135))1.20| 5.1 |-0.013 |o.0132 | ~0.0M16] {1.70 | 6.2 | -0.012 |0.0006 | -0.0119
-3.9 | -.002 | 0057 | -.0102 3.9 | -.010 | 0022 | - 4.1 - D092 | -.0077
-1.8 000 | 0063 1.8 | -.006 | 0009 | -.0025 ~20 | - . -, 0036
0.3 000 | .0053 | -.0026 ~0.5 -'ﬂ SOl L0001 0.7 | =003 | . -,0008
2 | =000 | 0055 2] - L0108 .0003 0.2 | =000 | .008Y L0002
b .00 | .ooé0 .00a1 .5 | -.004 | .0103 0015 . =002 | .0082 L00g
2,2 <00k 00kS 2,0 } -.00 | .0 L0038 1.8 00 | .oo8 Q0L
h.2 007 L0089 Il 000 | 000 0096 3.9 005 m 009,
6. 007 L0132 6.0 ooy | lmo L137 5.8 009 | .32
A.2 0Lk L0162 8.1 . 0007 . 7.8 010 | 008 L1587
10,1 L0158 022 10,1 012 { .oa1y7 L0206 9.8 022 | o110 0210
12,1 .023 L0950 12,0 021 gﬁ T h 1.8 032 | .00 02h6
1.1 029 0299 U0 008 1 .0 13.9 -ohe | .am 0.
1.2 038 0358 14,2 037 | .01B3 0 15.9 058 | .02 .0
1.3 .0h5 o1l 18,1 ok7 | on9 0379 17.8 £76 | .00h -0bo%
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TABLE IT.~ AERODYNAMIC CHARACTERISTICS WITH THE WING OFF ~ Continued
(b) BVC, & = Q°

cp tn Wl gl @ Cp Cn Kl ] @ Cp Cn Nl a2 oo
0.0105 | =0,0087 [ {1.00] -5.8 | ~0.0h0 | 0.0037 § -0.0l%h | |1.30} 6.0 |~0.036 | 0.0138 | -0.0h73] { 1.90) -5.9 {-0.037
» -ml '|0333 '3-8 "-DS .0108 -,0323 'I-I-O "-025 .01111 -.031% "3-9 --KES
-2.2 0089 | ~.067 2,8 | =008 | 0019} -.0089 ~l.¢ | -0 | 0099 | -.0158 -.9 | -.013
~0.7 0065 | -.0055 0.3 L000 | L0076 | ~-,005% ~0.5 { ~.002 | 008 | =.005: 0.5 | =-.006
-0.2 0059 | ~.0009 2 003 -,0017 0.0 | ~000 | 0094 | -.00 21 -.00h
b 0059 20006 g f -000§ ,0093 5 001 0083 0009 5| 002
1.7 0063 0102 2.2 .05 | 0091 0123 2.0 Lol . L0l 2.1 .
3.9 0076 0284 b.2 .020 | .00 o .2 .022 0105 0255 h.l 018
5.4 0002 . 3 .gﬂg 02 . 6,0 (uiag 0125 005 %] 028
7.8 11kl 0591 8.2 . 0159 0629 8.1 . R 0568 8.1 OhD
9.8 016k 0778 10,2 062 1 .o pi2s 10.) .063 | .0200 Q730 10.0 052
11.8 0221 0963 12.3 O76 | 0232 1006 12.1 N 0881 12,1 086
13.8 0218 1102 1.2 nso | .0303 263 1,1 087 | .0320 2028 .1 083
15.8 .gﬁg 16.3 10k | 0383 L1362 16.1 03 10398 157 16,2 J102
17.8 1571 18.3 18 | .ohss 1837 18.1 122 | .0he7 1313 18,1 1gh
~5.0 o.0l07 | -0.0501 | |1.05} -5.9 | -0.041 | o.m50 | -0.0470 | {1.50 | 6.1 |-0.036 | 0.,003h | -0.0bbe] ] 2.22] -5.8 | -0.035
-0 o082 | -.0326 -3,% | ~026 | 0139 ) =00l Ll | -3 iili -.% ~3.7 ] -.083
1.9 0068 | -.0058 ~1,9 | ~.009 | .0l05 | -.0158 -2,1 | =012 | 0087 ] - -1,7 | -.012
-0.5 008 | - <04 | -0m | 020 | -.0053 ~0,6 { =003 | .00m | ~.0052 -0.2 | -.004
.2 0062 | ~,0006 .2 00, | 0098 | -.0m2 -0.0 .001 | .0050 [ =005 S F 003
.5 D063 L0012 o [ .00k | 0126 0089 .5 .000 | .0050 0019 g 1 =002
2.0 L0088 L7 2.1 S0 b L0077 LLe2 1.8 008 | .00%0 L0105 2,2 005
k.1 007 L0283 bl 018 | .0a2 0286 Lo oz | 000 .0251 L.3 017
6.0 2 .0h57 6.1 &zg Lo oL 5.9 32 L0118 038, 6.3 028
8.0 0132 0633 8.1 . L0070 ,0608 .0 L0181 0537 8.3 .00
10.1 0180 .08 10.2 .05% | 045 199 9.9 o8 | o189 L0671 10.2 051
12,1 020 L1007 1.2 073 | .028 gﬂf 18,0 071 | 025 Ok 12,2 068
1.1 .0308 . e . .03, . 13,9 0By | 0306 0950 U3 ,085
16,1 n& 1383 16,2 Jdez | ﬁg 138 15,0 JA00 | .32 1077 16.3 .
18.1 18.2 . . ks 18,0 uns | .o L1207 28.3 127
-5.9 (o3 f-c.0501 ] f1.10] ~6.0 |-0.0l2 o, 0,066 | 1,70 | -6.2 }-0.037 | o0.01h0 | -0.0h12
~3.8 L0073 | -,0387 =3.9 | ~.02 .gﬁ -,0310 “h.1 | ~.025 | .omdh | -.0278
-1.8 0063 | -.0069 =20 | -0 | . ~.0143 2.1 | -.a1) | o098 ]| -
-0,y 0062 | -.0068 ~0.5 | ~.00h | 0008 | -,0035 0.7 | =005 | .009%h | ~.000
.2 0058 | ~-. A | ~0m | 0220 | =000 0.2 | -.002 | 0083 ) -.0002
0066 | ~,0003 5| =003 | 012 .0017 | =001 | L0093 0026
0056 L0115 2,0 ooh | .0 0130 L7 007 | L0093 al0l
0087 0278 (%3 L6 | 0B o28h 3.8 019 | .03 021
03k S‘i%l 0458 6.1 032 | .ol R t.8 030 | .01l 0363
ool . 0Bl 8.1 ugﬁ 0174 0502 1.9 O3 | W00 | Los2
066 | 0176 0Bh0 10.1 059 | L0227 0772 9.9 056 % «056),
080 | .0233 1023 12,2 . 0282 R 1.8 067 1 . L0183
0286 17 ig.o . 0333 10, 13.8 L0083 | .0306 0901
0384 1392 .1 R L0417 1279 15.9 J100 .% 1006
Dh5g . 18,1 . 0508 62 17.9 A0 . 1098
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TABLE IT.~ AERODYNAMIC CHARACTERISTICS WITH THE WING OFF - Continued
(¢) BVC, & = 4,.7°

o
¥l o] e} o Cn Kl gzl | © Cu
o.70 | -6.2 | ~0.018 | 0.0077 | -0.0260 || 1.30] «6.0 | -0.018{ 0.0110 | -0.0251
-2.1 . 0069 .0012 1.9 . 0058 0019
-0.1 017 0076 . A 017 .0103 0170
1.7 .029 | .0088 0312 1.9 .028 .0120 .0201
5.8 .059 | L0157 0656 6.1 .055 | .0180 .0612
9.7 .08¢ | .0260 L1012 10.0 .080 | .0283 .
13.8 125 | .o433 . k.1 .08 .01428 .1202
17.8 152 L0617 273 18.1 .138 .062% .1458
0.90 .0 | ~0.017 | 0.0076 | ~0.0266 {{ 1.70] =6.2 | -0.022 | c.0115 | -0.0238
-2.0. . 0067 .0017 =2,1 om f .00s9 .0021
.1 .018 0076 L0178 -0.2 .012 | .010h 0152
2.0 032 | . .0 1.8 .023 L0115 .0283
6.0 063 0166 0691 5.9 047 .0168 +0551
10,1 .093 .0278 1 9.8 069 .0258 L0756
14.0 .1 .0L39 .1420 13.9 .057 .0393 .1032
18.1 .158 .0656 1769 17.9 131 .0593 1226
1,00} -5.8 | -0.007 | 0.0087 { ~0.0262 |] 2.22}| -5.8 | ~0.020 | 0.0202 { -0.018Y
-1.8 .006 | .0086 .00 -1.7 001} . .
.2 .018 .0093 0181 .3 010 ] . .0162
2.2 .031 .0102 L0341 2.2 .02 | .0100 .02
6.2 .063 .0180 . 6.3 .oy2 0153 .
10.2 .093 0297 2043 10.3 .065 | .023¢ 0702
.3 123 | Lokl -1403 1h.3 .097 0387 .0875
18.3 .156 .0658 1718 18.3 .10 .0620 1073
1.10] =6.1 | -0.018 § 0.0124 | -0.025%
-1.9 . 0121 .0015
~0.1 .017 0122 .0163
2.0 031 ] .0138 .0318
6.0 .05¢ | .0218 .
10.0 R .0327 0566
4.1 15 | .oks2 1318
18.1 L5 0691 1616
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TABLE IT.- AERODYNAMIC CHARACTERISTICS WITH THE WING OFF - Continued
(d) BVC, & = 9.7°

Mol gzl & % G || x ] e | o Ca
o.70| -6.4 | -0.005 | 0.0070 | -0.010L |j1.30 } -6.2 }-0.008 | 0.0010 | -0.0085
-2.1 .028 | .0085 .0210 -1.9 .017 } .0119 .0201
-0.2 031 | L0108 0367 0.0 .028 .0139 .03kl
1.9 . .0138 0534 2.0 . 0155 .0li80
.7 <07k .0230 0847 6.0 . .0253 -07L8
9.8 .107 .0368 1201 10.0 091 | L0367 200k
13.9 135 .05L8 .1563 1.2 . 0520 -1310
17.9 150 . .1703 18.1 . L0731 .155%
0.90§ -6.0 {-0.005 | 0.0072 | -0.008% |j1.70 | -6.2 ] -0.010 | 0.0111 | -0.0072
-1.9 K .0091 0228 -2.1 .012 0116 .0184
0.0 033 | .0113 .0379 -0.2 .022 | .o131 .0308
2.1 . .01l7 0552 1.9 .033 . -0l30
6.1 .078 0247 .0885 5.9 . .0225 0656
10.1 .108 .0382 L1226 9.9 .078 | .0329 0906
1h.1 .128 .0528 1477 13.8 . . 122
18.1 A2 | L0652 .1588 17.9 . .067h .1303
1.00} -5.8 | -0.005 | 0.0087 | -0.0080 |}2.22 { -5.7 |-0.010 } 0.0102 | -0.0032
-1.8 020 | .0109 .0229 1.7 .012 | .0100 .0287
.3 .035 .0123 .0392 3 . <0117 .0298
2.2 . .01 .05kl 2.2 029 | L0136 .0397
6.3 .075 | .0253 .0869 6.3 . .0200 «059)
10.2 L2056 | .03 J121) 10.3 .070 | .0296 .07
.3 .133 .0553 .1525 1h.3 100 | 0438 0shS
18.3 165 § .07 .1816 18.2 .ho | .087h .
1.10) -6.0 | -0.008 | 0.0035 | ~0.0065
-1.9 .018 L0138 .0220
. .031 016k .0385
2.0 . 0196 .
6.1 072 | .0293 .0818
10.0 201 029 L1130
1h.1 .123 .0585 .
18.1 W48 0795 1723
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TABLE II.- AERODYNAMIC CHARACTERISTICS WITH THE WING OFF - Concluded

O

(e) BVC, & = 19.5° (£) BVC, & = 29.6
M .125’ Gy, Cp Cn M P o Cp Cra

1.00| -5.8 | 0.032 { 0.0146 | 0.025) 1.00| -5.8 | 0.057 | 0.03L6 | 0.0590

.81 . 0221 | .o8ln -3.1 | .o18} . .0838

3] 010 | 0277 | .068) 2] . 0519 0918

2.1 078 | .0m8 .0833 2.3 090 0571 1042

6.2 1 .105] . L1119 6.2 097 | .06h2 | .1173

10.2 128 . 1377 10.1 .109 0743 2329

Uy § L1 .0759 | .1604 .3 .1 0862 1495

18.3 | . .0902 | .1809 18.3 | .13% 1016 | .16%6

2,10{ ~6.0 |o.029 | 0.019h | 0.0252 Llo| ~6.0 |o0.05L | 0.0395 | 0.0568

-1.9 [ .053 | .0258 | .0505 -3.2 { 069§ .0k38 | .O0T%%

0.1 063 0314 L0842 .2 07 0548 .08%0

1.9 077 .0367 .077h 2.0 . 0597 096

6.0 .099 0501 1045 6.0 090 . 1131

10.0 | 115 § .0536 | .1303 10.0 | .x100 | .0788 | .127%

ik | 232 ) L0799 ] L1536 14,1 112 0905 | .1khS

18.1 | .ah2 | .0937 | .1703 18.2 § .127 | .1037 | .1597

1.30 | 6.0 | 0.023 | 0.0166 | 0.0220 1.30 | -6.1 }0.043 | 0.0330 | 0.0L79

-2.0 | .o45 | .o0222 | . -1.8 | .062 ] .ok2o | .070

A ) os6 | 025 | . A 1 .0t0 | .oty { .0810

2.0 | .066 | .0:2 ]| .o723 2.0 | .079] .05 9

6.0 087 .0h26 0967 6.1 090 20632 1076

9.9 | .05 ossh | . 9.9 1 . L0730 | 1228

.0 .125 +0715 2432 4.0 110 085 .17

18.2 | . .0883 | 160 18.1 129 | .1028 1625

.70 -6.2 |o0.015 {0.0262 | c.0182 1.70 { -6.2 {0.030 | 0.0298 | 0.0375

-2.2 | .0 .0202 § .0392 -2.2 7 | .0365 | .0S70

0.2 05 0235 . -0.2 0% .0h02 0653

1.8 .055 .0276 0619 1.8 040 .0h50 .0758

5.8 | .07 L0368 | .o819 5.8 { .075 | .0555 | .0931

9.8 . 0ok 1017 9.8 . 0678 1103

13.8 | .108 | .0830 | .1214 13.8 105 | .0832 | .1301

17.9 .13L | .o8L2 143l 17.9 131 2049 .1496

42.22 5.7 |o.011 Jo.0150 § 0.0177 2.22 | -5.8 |o.021 | 0.0272 | 0.0322
1.7 | 0om | o177 } .03 1.7 | . 0322 | .

.3 . «0! . 3 008 0359 .0587

2.2 | .ohs | .0240 | .0539 2.3 053 | .0399 | .0675

6.3 K .0322 0720 6.3 . 092 0819

10.3 079 0433 .0895 10.3 083 0625 1

1h.3 103 | .0589 | .% 1.3 | 106 | .0809 | .l223

18.L | k2 | . L1299 28.5 | .138 | .1063 | .Iho2
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{a) Photograph of model.
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Figure l.- Model detalls and dimensions.
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(b) Dimensionsl sketch of complete model.

Figure 1.~ Contlnued.
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(c) Details of cepard surface.
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Flgure 2.~ Lift, drag, and pltching-moment cheracteristics

with the canard on and off.
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Flgure 2.- Continued.
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(e) M = 2.22

Flgure 2.- Concluded.
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Figure 3.- Continued.
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Figure 3.~ Concluded.
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Figure 4.- Variation with Mach number of maximum lift-drag ratios, lift-
curve slopes, minimum drag coefflcients, and aerodyna.nn.c center
locations for canard on and off.
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